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Abstract 
The purpose of this study was the electrophoretic analysis and com-
parison of salivary proteins from Man and Macaca fascicularis with parti-
cular emphasis on the presence of four anionic proteins, known as the major 
acidic praline-rich proteins (PRP I, PRP II, PRP III, PRP VI). The second 
part of this study constitutes an immunological approach to identify these 
salivary praline-rich proteins as constituents of the naturally formed, ac-
quired enamel pellicle. 
The results obtained from disc gel and slab gel acrylamide electro-
phoresis indicated that the concentrations of praline-rich proteins (PRPs) 
present in human glandular secretions were higher than those measured for 
whole saliva. The latter, however, exhibited a heavily stained component 
known as serum albumin. Enzymes derived from oral microorganisms have been 
implicated in the degradation of PRPs in the oral environment leading to the 
electrophoretic changes observed. Des~ite the great similarities between 
parotid and submandibular saliva disc gel acrylamide electrophoretograms, 
at least one qualitative difference could be detected. This qualitative 
difference resides in the presence of a fast moving component visible at 
the anodic end of the submandibular gel pattern only. When slab gel acry-
lamide electrophoresis was employed a higher resolution of the protein band-
ing patterns was obtained compared to the disc gel electrophoretograms. At 
least four minor components could be detected between the band representing 
PRP II and the band representing PRP III. Some of these proteins are known 
to be part of the genetic polymorphism which has been shown to exist for the 
major praline-rich proteins. 
The disc gel electrophoretogram of parotid saliva from Macaca fascicula-
ris shows considerable similarities with the pattern obtained from human 
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parotid secretion. In this primate model system, the major acidic proline-
rich protein {MPRP) is found to move anodically to the same location as 
PRP III and PRP IV in the human parotid saliva electrophoretogram. The 
electrophoretic pattern of macaque saliva collected excluding any contri-
butions from the parotid glands {extra-parotid) exhibited similarities with 
that of parotid saliva showing only quantitative differences. Since the re-
duced stain intensity of the protein bands in the electrophoretogram of this 
extra-parotid saliva indicates a diminution in protein concentrations it is 
likely that the oral environment of this species is similar to that of man 
and again, degradation of the major glandular proteins can occur, resulting 
in the disappearance or reduction of concentration of these proteins upon 
their release into oral cavity. The stained band representing the purified 
macaque praline-rich protein {MPRP) looks somewhat fuzzy in appearance as 
well defined both in disc gel and slab gel acrylamide electrophoretograms 
when compared to the distinct pattern obtained with the purified human PRPs. 
This less distinct band pattern of MPRP may be related to chemical differen-
ces since MPRP exhibits a high content in carbohydrates {30%) which are 
absent from the human PRPs. 
An antiserum to PRP I which had been previously shown to cross-react 
with PRP II, PRP III and PRP IV as well as the minor praline-rich proteins 
was used to investigate the presence of praline-rich proteins in the ac-
quired enamel pellicle. By means of the indirect immune-peroxidase tech-
nique, plaque-free human tooth surfaces were shown to exhibit a strong 
staining reaction clearly establishing PRPs as major constituents of the 
long term, in-vivo formed, acquired enamel pellicle. 
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I. INTRODUCTION 
A. CHARACTERIZATION OF THE PROLINE-RICH PROTEINS 
In the last decade the literature reflects an increased interest 
in salivary proteins. This interest stems from information regarding 
the role of these salivary proteins in plaque and enamel pellicle 
formation. 
Some of these salivary proteins seem to be the precursor molecules 
of the acquired enamel cuticle or pellicle. 
Oppenheim et al. (1971) isolated from pooled human parotid saliva 
four acidic Praline-Rich Proteins labelled PRPI, PRPII, PRPIII, PRPIV 
respectively. 
Bennick and Connell (1971) isolated two proteins labeled C and A 
from human parotid saliva. The chemical features of these proteins 
indicate that they are identical with PRPI and PRPIII. 
The isolation of the four acidic praline-rich proteins was carried 
out using salt-fractionation, gel filtration and anion exchange chrom-
atography. The individual fractions were monitored for their protein 
composition by disc gel acrylamide electrophoresis (Oppenheim, et al. 
1971). 
Amino-acid analyses of all four praline-rich proteins(PRP 1 s) 
resulted in amino-acid composition almost identical for all these 
proteins. 
The primary structure of PRPI and PRPIII has been determined 
(Bennick et al, 1977 ; Schlesinger et al, 1977). These two acidic 
praline-rich proteins are identical in regard to the first 106 N -
terminal residues-
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PRPI differs from PRPIII by an additional C-Terminal peptide of 
46 residues (Bennick et al, 1977) 
Praline-rich proteins I and II have almost the same electrophoretic 
mobility and move slightly slower than serum albumin in a 7.5% disc 
acrylamide gel. The same closeness in electrophoretic mobility is 
true for praline-rich proteins III and IV but these proteins are found 
anodically to serum albumin in the disc gel electrophoretogram. 
These unusual acidic praline rich proteins contain large amounts 
of praline (22-27%), glycine (20-22%) and are also rich in acidic 
residues, aspartic and glutamic acid. They contain organically bound 
phosphate but no carbohydrates. Their molecular weights range between 
11,000 and 17,000 daltons and their isoelectric points are 4.71, 4.59,4.14 
and 4.09 for PRPI, PRPII, PRIII and PRPIV respectively. 
Equilibrium dialysis using 0.4 mg of protein A dissolved in 
5mM Tris-HCl buffer, pH 7.5 containing lmM CaC12 and 
45ca showed 
that this protein binds ca2+ (Bennick, 1976). 
Azen and Oppenheim (1973) found that the four acidic praline-rich 
proteins exhibit polymorphism. Three phenotypes can be found in 
electrophoretograms of individual parotid secretions. A sample can 
display the presence of PRPI and PRPIII, PRP.II and PRPIV or all four 
PRPs. 
Further investigations revealed that the occurence of several 
other salivary proteins are genetically linked with the expression of 
the major praline-rich proteins (Azen and Denniston, 1976). 
Oppenheim and Kousvelari (1978) studied these praline-rich proteins, 
both electrophoretically and immunologically in whole saliva and parotid 
secretion. They found that the concentration of the PRPs in parotid 
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samples was much higher than in whole saliva. This suggests that the 
degradation of pro·line-rich proteins in whole saliva is related to enzym-
atic activity. 
The four PRPs along with the histidine-rich component (Hay, 1975) and 
a tyrosine-rich component, called Statherin (Hay, 1973 b ; Schlesinger 
and Hay, 1977) are known to show selective adsorption from saliva onto 
apatite surfaces (Hay, 1973), as well as to inhibit calcium-phosphate pre-
cipitation from super-saturated solutions (Gron and Hay, 1976). 
In view of the chemical similarities of the PRPs with proteins of 
the connective tissue class, specifically enamel proteins which have 
been shown to be important for the mineralization of hard tissue and the 
strong adsorption of the PRPs to enamel and hydroxyapatite surfaces, it 
is reasonable to assume that these proteins are important in de- and 
remineralization processes of enamel in the post-eruptive phase of the 
human dentition. 
In addition, Hay and Oppenheim (1974) have shown that parotid saliva 
contains a group of minor acidic praline-rich proteins with similar 
amino-acid composition to those of the major PRPs. 
Since these acidic praline-rich proteins appear to have an important 
role in the development of the pellicle and represent major components 
of human parotid and submandibular secretions, studies were undertaken 
in regard to a suitable animal model system which would facilitate the 
investigation of their biosynthesis, their fate in the oral cavity and 
their functional role. 
The detailed analysis of the proteins present in parotid saliva of 
the primate, Macaca fascicularis, led to the isolation of an acidic pra-
line-rich protein, labelled MPRP (Oppenheim, 1977). 
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This primate has been shown to develop caries and periodontal 
diseases if the animal is fed a cariogenic diet (Eastoe and Bowen, 1971). 
This animal model has been used for immunological studies in 
regard to the protection of salivary antibodies against Streptococcus 
mutans (Emmings et al, 1975). Their results suggest that salivary 
antibodies to a group of antigens play an important role in determining 
the composition of plaque flora. 
Emmings et al (1975, 1976) studied the immunization of Macaca 
fascicularis monkeys with Streptococcus mutans in order to obtain 
protection against caries. 
The isolation of MPRP was carried out using similar chromatographic 
techniques as was employed for the purification of the human PRPs 
(Oppenheim, 1977). This macaque praline-rich protein also contains high 
levels of the amino-acids praline, glutamic and aspartic acid and lacks the 
sulfur-containing residues, cysteine and methionine. Of the aromatic 
amino-acids, only phenylaianine is present. In contrast to the human 
acidic PRPs, the monkey praline-rich protein(MPRP) contains 10% 
neutral sugars, 15% sialic acid and 10% hexosamine. Its molecular 
weight is 16,000 daltons. 
Kousvelari and Oppenheim (1979) investigated the immunochemical 
behavior of both human and primate acidic praline-rich proteins, PRPI, 
PRPIII and MPRP. These investigators reported a cross-reactivity between 
human and primate praline-rich proteins when antiserum to PRPI or PRPIII 
was incubated with pure MPRP or monkey parotid saliva in double immuno-
diffusion experiments. 
Oppenheim et al (in press. Arch. Oral Biol.) showed that considerable 
sequence homology exists for at least 23 ·of the first forty N-terminal residues 
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between human PRPI / III and mataque MPRP. 
B. SALIVARY PROTEINS AND ENAMEL PELLICLE: 
-In view of the protein layer present on all enamel surfaces, attempts 
were made to trace the origin of the pellicle proteins. 
Meckel (1965) showed by electron microscopy the existence of three 
structural layers within the acquired cuticle which have been found to 
exist on enamel surfaces. A salivary origin for these structural layers 
seems most likely because their histochemical staining reactions were 
found to be practically identical with those of dried salivary films and 
because very similar structures could be formed artificially in vitro 
by incubating enamel in saliva. 
Armstrong (1966, 1967) concluded, based on amino-acid analysis, 
that the pellicle is most likely to be of salivary origin and in addition 
contains considerable quantities of bacterial cell wall material since 
he found muramic and diaminopimelic acids, both typical cell wall 
components. 
Leach et al (1967), comparing the amino-acid composition of the 
pellicle with that of salivary secretions, came to the conclusion that 
thepellicle is formed from specific salivary glycoproteins. 
Hay (1967) studied the interaction between the tooth surface and 
salivary proteins. The electrophoretic pattern of some salivary proteins 
was identical with that of proteins recovered from the surface of freshly 
extracted teeth. He therefore suggested that the salivary proteins are 
responsible for at least the early stages of the acquired enamel pellicle 
formation. 
In later studies, Armstrong and Hayward (1968) gave further evidence 
for the presence of bacterial elements in pellicle material (Armstrong, 
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1966, 1967). Their results suggest that the acquired pellicle may well 
be a complex of salivary mucoprotein and bacterial material as envisaged 
by Mc.Douggal (1963). 
A more detailed study of the chemical composition of the acquired 
pellicle was carried out by Mayhall (1970). His work involved the study 
of the ''natural II pellicle from extracted human teeth and two types of 
short-term "experimental" pellicles. The in-vivo experimental pellicle 
was formed by the short-term exposure of enamel to the oral environment, 
and the in-vitro experimental pellicle was formed on enamel exposed 
only to ductal saliva. The results showed that the amino-acid composition 
of the natural pellicle was quite different from the experimental pellicles. 
In addition, the in-vivo and in-vitro experimental pellicles were similar 
in composition, indicating that all the constituents necessary for the 
formation of a short-term pelHcle were present in saliva and that 
bacteria were not essential to the fonnation of a short-term pellicle. 
Hay, Gibbons and Spinnel (1971) isolated a high molecular weight 
glycoprotein which exhibits bacterial aggregation as well as adsorption 
to hydroxyapatite. This glycoprotein therefore could be a significant 
component of the enamel pellicle. The presence of this salivary 
glycoprotein on the enamel surface as a component of the pellicle could 
facilitate the attachment of bacteria and thus promote the initial 
stages of plaque formation. 
Armstrong (1971) concluded, based on acrylamide electrophoresis 
and amino-acid analysis of salivary proteins adsorbed in vitro to 
hydroxyapatite from parotid secretions, that some salivary proteins are 
involved in the formation of the sub-surface and surface cuticle struc-
tures. 
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Stinju and RBlla (1973) analyzed the acquired pellicle formed in 
two hours on cleaned human teeth in vivo. The amino-acid analysis 
was characterized by high amounts of acidic amino-acids and low content 
of basic amino-acids. The presence of carbohydrate indicates contribu-
tion of glycoproteins to the acquired enamel pellicle. 
In view of the important role of these praline-rich proteins may 
play in the fonnation of the pellicle structures on the tooth surface the 
aim of this study is to analyze in detail the protein profile of salivary 
secretions of man and Macaca fascicularis and to compare the patterns 
with those of whole saliva. In addition, studies were carried out to 
identify irrmunologically these praline-rich proteins in the long term, 
naturally formed, acquired enamel pellicle. 
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II. MATERIALS AND METHODS 
A. COLLECTION F SALIVA SAMPLES: 
1. Human Whole Saliva: 
Whole saliva was collected by simple expectoration of oral fluid 
in an ice chilled polyethylene container. Salivary flow was stimulated 
by mastication. The subject was instructed to chew paraffin wax cubes 
softened in warm water prior to collection. The first few milliliters 
of saliva were rejected to minimize the amount of oral debris such as-
bacteria, cellular elements and food residues. The subject was advised 
to deliver the fluid gently in order to reduce denaturation of proteins 
by foam production. 
2. Human Parotid Saliva: 
Parotid saliva was collected using a modification of a Carlson-
Crittenden device (Carlson and Crittenden, 1910). The device was very 
similar to the brass collector described by Shannon and Chauncy (1967). 
In this study, however, the collection cups were made with poly-methyl 
methacrylate (lucite). 
Once the device was placed over the glandular orifice, a slight 
negative pressure was applied to the groove which kept the device 
fixed to the oral mucosa surrounding Stenson's duct. Parotid saliva 
was collected by stimulation with lozenges containing citric .acid. The 
volLDTie of saliva collected over a period of time is recorded after each 
collection in order to compute individual flow rates. 
3. Human Submandibular Saliva: 
Individually devices were made for the collection of submandibular 
saliva according to the procedure of Oppenheim (1970). Here too salivary 
flow was stimulated by lozenges containing citric acid, over a period of 
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10-15 minutes. 
4. Saliva Collection From Macaca Fascicularis: 
Parotid saliva was collected from the primate Macaca fascicularis 
using a scaled down version of the modified Curby collector device. 
A tranquilizer Ketaset (ketamine hydrochloride) purchased from Bristol 
Laboratories, Syracuse, NY 13201, was given to the macaque. 0.7cc. of 
Ketaset was given intramuscularly. The collection was done under intra-
venous anesthesia, using a dose of 2.5 - 3.5 cc. of Nembutal (Pento-
barbital Sodium injection) purchased from Abbott Laboratories, North 
Chicago, IL 60064, diluted in 1 :1 with sodium chloride, pH 4.5 - 7.0. 
Once the parotid ducts were identified, the inner ring of the collector 
device was placed over the orifice and a slight negative pressure was 
applied to the outer groove of a magnitude sufficient to keep the device 
in place. 
Parotid salivary flow was stimulated by injecting subcutaneously 
0.25cc. Pilocarpine purchased from S . M.P. Division, Copper Lab, Puerto 
Rico Inc., San German, Puerto Rico 00753. Parotid saliva is then col-
lected simultaneously from both parotid glands for one hour into two 
graduated cylinders irrmersed in crushed ice. The residual saliva 
(extra-parotid) was suctioned from the floor of the mouth and collected 
in an Erlenmeyer flask. The parotid saliva as well as extra-parotid 
saliva were dialyzed and lyophilised. 
B. DISC GEL ELECTROPHORESIS 
The method used in this study is that described by Ornstein (1964) 
and Davis (1964). It is called "Disc Electrophoresis" because of the 
very narrow bands or discs of the separated proteins. 
The electrophoretic technique is an excellent analytical tool 
- 10 -
showing clear bands of proteins if the proteins are present in amounts 
of 10-20 µg/gel. For best results the proteins contained in 0.4 - 0.5 
ml of dialysed saliva was applied to each gel column. The proteins 
move by migration based on their molecular size and shape as well as 
their charges. 
A slight modification from the original procedure has been done 
by Oppenheim et al. (1971) by omitting the sample gel and replacing 
it by a protein solution containing 20% sucrose and the sample gel 
buffer. 
The reagents for polyacrylamide electrophoresis are purchased 
from Canalco, 5635 Fisher Lane, Rockville, MD U.S.A. 
- Acrylamide 
- N, N' - Methylenebisacrylamide (BIS) 
- N, N, N', N' - Tetramethylenediamine (TEMED) 
- Riboflavine 
- Ammonium Persulfate 
Sucrose 
- Glycine 
- Tris-hydroxymethyl-aminomethane (TRIS) 
- Amido-Black 
- Bromophenol Blue 
l. Stock Solutions 
The following stock solutions are prepared for the experiment using 
deionized water~ they are then filtered and stored in brown plastic 
bottles in a cold room to reduce oxidation. 
Stock A 
TRIS 18. lg 
TEMED diluted 5ml 
Made up to 100ml 
Filtered 
pH 8.9* 
Stock D 
Acrylamide 
BIS 
Made up to 
Filtered 
10g 
2.5g 
100ml 
Stock G 
Ammonium 
Persulfate 0.200g 
Made up to 100ml 
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Stock B 
TRIS 5.98g 
TEMED diluted 20ml 
Made up to 100ml 
Filtered 
pH 6.7* 
Stock E 
Riboflavine 4mg 
Made up to l 00ml 
TEMED diluted 
TEMED 2ml 
Made up to 83.3ml 
Stock C 
Acrylamide 28g 
BIS 0.735g 
Made up to 100ml 
Filtered 
Stock F 
Sucrose 40g 
Made up to 100ml 
Tracking Dye 
Bromophenol 
Blue 5.0mg 
Made up to l 00ml 
Electrode Bath Buffer** Staining Solution 
TRIS 
Glycine 
Made up to 
pH 8.3 
3.0g 
14.4g 
ll 
Amide-Black 10B 
7% Acetic Acid 
*pH adjustments were carried out with 1N HCL 
0.5mg 
100ml 
**To make the ~pper buffer, add 2.5ml of tracking dye to 500ml of 
the electrode bath buffer. 
2. 
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The Working Solutions 
a. Separating Gel Solution 
Stock A 4ml 
Stock B 4ml 
Stock G 8ml 
b. Stacking Gel Solution 
Stock B 0.5ml 
Stock D 1ml 
Stock E 0.5ml 
Stock F 2ml 
c. Sample Solution 
Stock B 0.5ml 
Stock F 2ml 
Deionized 
water 1.5ml 
3. Procedure 
The stock solutions are first removed from the cold room to allow 
warming up to room temperature before use. 
The preparation of the gel is performed in glass tubes purchased 
from ISOLAB Incorporated, Drawer 4350, Akron,Ohio,U.S.A. 
Length 82mm 
Outer diameter (o.d.) 6.5mm 
Inner diameter (i.d.) 5mm 
Twelve glass tubes are inserted and mounted in a special rack to keep 
them in a vertical position. A strip of parafin is laid on the rack 
before the glass tubes are inserted into the grommets in order to seal 
the bottom of the columns. The glass tubes are previously treated in 
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column coat (lml· of concentrated column coat solution per 100ml of 
deionized water.) 
After filling the columns with 1 ml of the separating gel solution, 
50 microliters of deionized water are carefully layered on top using a 
3ml syringe with a number 25 gauge hypodermic needle. This step is done 
in order to eliminate a curved meniscus and to obtain a flat smooth 
surface and to exclude exposure to air. The deionized water must be 
added at a slow, regular, controlled rate, and care must be taken to 
minimize mixing. 
The columns are allowed to polymerize for 30 minutes. The 
excess of water is then removed and a stacking gel solution is prepared. 
0.2 mlof this solution is loaded to each column. Using the 3 ml syringe, 
50 microliters of deionized water are applied to the columns to cover 
the stacking gel solution. Polymerization is initiated by placing gel 
columns for 15 minutes at 30 cm distance from a fluorescent light and 
then close to the light source for another 15 minutes. After being 
polymerized the gel columns are individually filled with upper buffer 
and seated in the upper reservoir, also called upper bath. 
The buffer reservoirs are made from an inert, non-conductive mater-
ial (Canalco Model 66 disc electrophoresis apparatus). 
The lyophilized proteins are dissolved in a volume of sample solution 
to represent usually 0.4ml of saliva. Once the sample is dissolved, 0.2 ml 
of the protein solution is carefully layered on top of each gel column 
using a micro-pipet (Bio-Rad Laboratories). 
The electrophoresis is carried out at a constant current of 4 mA/gel. 
The run is completed when the blue tracking-dye band has reached a 
position approximately 2mm from the end of the gel column. 
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The gels are removed from the columns by a water jet from a 2.5 
inches long, 23 gauge, spinal needle inserted between gel and the inner 
glass wall and then placed in individual test tubes containing a fixative 
stain solution. 
This step should be done as fast as possible to prevent diffusion 
of bands. The gels are then transferred after l hour into destaining 
tubes kept in a cylinder vessel filled with 7% Acetic Acid. 
Destaining by diffusion occurs in a period of 18-24 hours if 
stirring and two changes of acetic acid are carried out. 
After destaining is accomplished, the gels are photographed for a 
permanent record under standardized conditions using a Nikkormat camera 
and employing Panatomic X film (Eastman Kodak, Inc., Rochester, NY,U.S.A.) 
Time 1/8 1/15 1/30 
Focus 22 
Distance 35cm 
A Polaroid picture is also taken. Polaroid type 52/Polapan (Polaroid 
Corporation, Cambridge, MA U.S.A.) 
Time 1/8 
Focus 32 
C. SLAB GEL ELECTROPHORESIS 
This technique is similar to the one described but the gel dimensions 
differ. The acrylamide medium is cast in a slab of 1.5mm thickness and 
12 cm heigth. Drying of such a slab results in a permanent record. 
The reagents are those used for the disc gel polyacrylamide tech-
nique and purchased from Canalco, 5635 Fisher Lane, Rockville, MD U.S.A. 
-15-
1. The Working Solutions 
a. Separating Gel Solution 
Stock A 7.5 ml 
Stock C 7.5 ml 
Stock G 15 ml 
Separating Gel Buffer* 
Stock A 2 ml 
Deionized 
water 6 ml 
b. Stacking Gel Solution 
Stock B l ml 
Stock D 2 ml 
Stock E l ml 
Stock F 4 ml 
Stacking Gel Buffer* 
Stock B l ml 
Deionized 
water 7 ml 
*Separating and Stacking Gel Solutions are given to make one slab 
gel only. 
c. Sample Solution 
Stock B 0.5 ml 
Stock F 2 ml 
Deionized 
water 1.5 ml 
2. Casting Gels and Electrophoresis: 
The unit used for this technique was the Model 220 Dual 
Vertical Slab Gel Electrophoresis Cell From Bio-Rad Laboratories. 
(Bio-Rad Laboratories, 32nd and Griffin Avenue, Richmond, CA 34804). 
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After assembling the unit, a 50cc plastic syringe is used to 
fill up thes '.pacewith the separating gel solution. A gel forming plate 
is then pushed gently down, taking care to exclude air bubbles. 
Polymerization of the separating gel occurs within 30 minutes. 
The acrylamide surface is rinsed twice with the separating gel buffer. 
A sample well fanning comb is then inserted between the glass plates; 
using a Pasteur pipet, the stacking gel solution is added at both ends 
of the well forming comb. 
After polymerization, the sample well fanning comb is removed and 
the sample slots are rinsed twice with the stacking gel buffer. 
Both upper and lower reservoirs are filled with the appropriate 
buffer making sure to remove any air bubbles. 
With a micropipet 50µ1 of the sucrose containing protein solutions 
were carefully applied to the wells which had been previously filled 
with electrophoresis buffer. 
Electrophoresis was carried out at a constant current of 43 rnA 
slab. Once the run was completed, the gel slab was transferred into a 
gel holder for staining for 30 minutes, the gel slab was then destained 
overnight in a solution of 7% Acetic Acid. 
After destaining was accomplished, a photographic record was taken 
under standardized conditions using a Nikkormat camera employing Pana-
tomic X film (Eastman Kodak, Inc., Rochester, NY U.S.A.) 
A Polaroid picture was also taken, Polaroid type 52/Polapan (Polar-
oid Corporation, Cambridge, MA U.S.A.) 
- 17 -
D. DETECTION OF HUMAN PROLINE-RICH PROTEINS IN THE NATURALLY 
FORMED ACQUIRED ENAMEL PELLICLE 
To study the presence of praline-rich proteins in the acquired ena-
mel, an indirect immunoperoxidase technique was used as modified by 
Kousvelari et ··al.(1979, in preparation) 
1. Antisera: 
An antiserum to human praline-rich protein I (PRPI) was obtained 
by immunizing New Zealand and white rabbits with pure antigen 
(Kousvelari and Oppenheim, 1979). 
Swine antirabbit IgG conjugated with peroxidase was purchased 
from Accurate Chemical and Scientific Corp, 28 Tee Street, Hicksville, 
N.J. 11801. 
2. Procedure 
Freshly extracted, caries-free teeth were cleaned by means of 
ORAL-8 toothbrush (ORAL_:-_B Inc, ~Jayne, New Jersey, U.S.A.) under a 
stream of tap water to remove plaque and materia alba. Enamel slabs 
were obtained by slicing off the buccal and lingual surfaces with an 
ISOMET 11-1108 low speed saw (A.B. Buchler Ltd. 2120 Greenwood Street, 
Evanston, IL. 50204). The enamel slabs were mounted on clean glass. 
The primary antiserum against PRPI was used in a dilution of 1:4. 
The endogenous peroxidase was blocked with 2.28% periodic acid, 
while aldehyde groups were blocked with 0.02% sodium borohydrate. To 
bleach acid hematin, a 3% H202 was employed (J.T.Baker Chemical Co, 
Phillipsburg, N.J. 08265). 
Enamel sections were first incubated in the presence of the primary 
antiserum for 24 hours at 4°C. After washing in a TRIS 0.005 Mand 
NaCL 0.9% pH 7.4 solution, the secondary antiserum, in a dilution of 
- l 8 -
1:25 was applied and the enamel slabs were incubated at room temperature 
for 30 minutes. For the primary antibody treatment of the control tooth 
specimens, a non-specific immune serum was used. 
The sections were then covered with freshly prepared diamino-
benzidine (purchased from Curtin Matheson Scientific Co) for 3 minutes. 
A photographic record was taken with a Nikkormat camera, employing 
Panatomic X film (Eastman Kodak, Inc., Rochester, N.Y. U.S.A.) 
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II I. Results 
A. ELECTROPHORETIC COMPARISON F SALIVARY PROTEINS FROM AN AND 
MACACA F SCICULARIS. 
1. Disc Gel Electrophoresis: 
The disc gel patterns of proteins present in human whole saliva, 
parotid and submandibular secretions as well as those of the monkey 
extra-parotid and parotid saliva are shown in Figures 1 and 2. 
Each gel column received the protein equivalent of 0.4ml of human 
whole saliva, parotid and submandibular secretion. The amount of pro-
tein per gel ranged between 1000 - 1500 µg/gel 
For the monkey extra-parotid and parotid saliva, 10mg of lyophilized 
saliva protein were dissolved in 2ml of sample solution. The total 
volume applied was again 200 µl per gel amounting to 1000 µ9 of protein 
per gel column. 
Human parotid and submandibular saliva electrophoretograms display 
great similarities. Both show many bands and the major difference 
between human parotid and submandibular saliva seems to be quantitative 
and one clear qualititive difference is a fast moving component (y) 
visible at the anodic end of the gel of the submandibular saliva. Both 
patterns contain two protein regions. Region A contains at least three 
proteins, two of these proteins are PRPII, PRPIII and the histid.i .ne-rich 
component. The broad band of region B contains also three proteins, two 
of these preteins are PRP III, PRP IV and Statherin. The cathodic portion 
of the gel patterns exhibits however heavy bands such as amylase 
while immunoglobulins represent the slowest moving bands. Futhermore the 
concentration of amylase in the human parotid secretion is higher than that of 
the submandibular secretion. There are also four minor proteins which 
Figure 1 
Disc gel electrophoretograms of human whole saliva 
and parotid and submandibular secretions. 
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Figure 2 
Disc gel electrophoretic patterns of monkey extra-parotid 
and parotid secretion. 
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exhibit slower mobility when compared with that of PRP I. Another group 
of minor proteins migrate between PRP II and PRP III. 
Whole saliva shows a lower number of bands; in the anodic portion 
there is a major band which has been described by Oppenheim (1970, 1972) 
as serum albumin, detectable only in trace amounts in glandular secretions. 
In addition, the electrophoretogram of whole saliva exhibits traces of the 
major acidic PRPs as well as the minor components. These results confirm 
the original observations of Hay (1969) and Oppenheim et at (1971). 
The protein pattern resulting from analytical acrylamide electrophoresis 
of the monkey parotid saliva displays great similarities with the protein 
profile obtained when human parotid saliva is treated identically. 
One of the differences, however, can be seen in the region of the 
gel corresponding with region A described for human parotid saliva. Monkey 
parotid saliva does not display the marked banding pattern found in its human 
counterpart. The equivalent gel region labelled region B for the human 
electrophoretogram shows·avery distinct band. This band represents the 
monkey praline-rich protein (MPRP) which has been isolated and characterized 
by Oppenheim (1977). 
The amylase concentration is comparable with that of the human parotid 
saliva (Jacobsen, 1970). In addition, there are several other proteins present 
in the monkey parotid saliva. The monkey extra-parotid saliva seems to 
exhibit the same ~omponents as the parotid saliva but in lesser concentration. 
The verification of the electrophoretic mobilities of some of pure 
components visible in the disc acrylamide gel, has been carried out. The 
electrophoretograms of pure praline-rich proteins present in human and macaque 
parotid secretions are shown in Figure 3. 
PRP I and PRP II display almost identical electrophoretic mobility on 
acrylamide gels. The same is found true for PRP III and PRP IV but these 
Figure 3 
Electrophoretograms of human praline-rich proteins 
(PRPI, PRPII, PRPIII, PRIIV) and monkey praline-rich 
protein (MPRP). 
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proteins move more anodically on the acrylamide electrophoretogram. 
The PRP II and PRP IV patterns show·an additional band which may 
represent an aggregation of PRP II and PRP iV respectively. 
The pure MPRP has an electrophoretic mobility similar to that of 
PRP II I. A 1 so, the band pattern of t1PRP is 1 ess di sti net than those of 
pure human PRPs. This may be related to significant amount of carbo-
hydrates present in MPRP. 
2. Slab Gel Electrophoresis: 
The slab gel electrophoretograms of human whole saliva and glandular 
secretions as well as monkey extra-parotid saliva and parotid saliva 
are shown in Figures 4 and 5. 
The slab gel patterns of human whole saliva and human glandular 
secretions reflect essentially the same profile as was obtained by 
disc gel electrophoresis. 
The separation of individual proteins however seems to be improved 
since several proteins can be detected in the slab gel which were not 
visible in the disc gel patterns. 
This is significantly true in the anodic port,on of the electro-
phoretogram showing at least four minor components between region A and 
region B. Some of these proteins have been shown to display genetic 
polymorphism (Azen, 1978). 
The electrophoretograms of human whole, parotid and submandibular 
saliva in adjacent channels confirm the observations made earlier. 
Component (y) is present in submandibular and to lesser extent in whole 
saliva but absent from parotid gel pattern. 
The albumin band is very prominent in the pattern of whole saliva 
and again only spurious amounts of albumin are present in the two 
Figure 4 
Slab gel electrophoretograms of human whole saliva and 
parotid and submandibular secretions. 
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Slab gel electrophoretic patterns of monkey extra~parotid 
and parotid secretion. 
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glandular secretions. The top of the gel, the region containing the 
amylase isoenzymes is most prominent in parotid secretion. 
The slab gel pattern of monkey parotid saliva also demonstrates 
higher degree of resolution when compared to the disc gel pattern. The 
very anodic region of the slab gel pattern however lacks intense stain-
ing of its proteins when compared with the disc gel pattern. The slab 
gel electrophoresis result makes it quite clear that there are several proteins 
with similar electrophoretic mobilities moving in close association with 
MPRP. The slab gel electrophoretogram of extra-parotid saliva displays 
again great similarities with that obtained in parotid saliva. The 
differences seem to be predominantly of quantitative nature . . 
The slab gel electrophoretograms of pure human praline-rich proteins 
are shown in Figure 6. 
The results confirmed those obtained by disc gel electrophoresis. 
Again the higher resolution of the slab gel electrophoresis is reflected 
in the better separation of the minor components representing protein 
aggregates or protein contaminants. 
Even though the same amount of protein was applied to a much 
smaller cross-sectional area the individual protein bands display a 
lower stain intensity. This may be due to the loss of proteins during 
the staining and destaining procedure. The 1.5mm thickness of the 
acrylamide slab offers considerably lower resistance to diffusion losses 
in comparison to the gel rods of 5mm in diameter. 
3. Identification of Human Praline-Rich Proteins in the Naturally _ 
Formed, Acquired Enamel Pellicle: 
The irnmunochemical identification of praline-rich proteins by means 
of the indirect peroxidase method is shown in Figure 7. 
Figure 6 
Slab gel electrophoretograms of purified human 
praline-rich proteins. 
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The human tooth enamel surfaces exhibited a major positive amino-
benzidine reaction yielding a homogenous orange-brown stain. Some minor 
positive staining appeared on the control sections. This weak uniform 
background stain represents some remaining endogenous peroxidase activity. 
The magnitude of the staining reaction observed when the primary antiserum 
was directed against PRPI indicates that the pellicle structure of human 
teeth contains significant amounts of praline-rich proteins or derivatives 
of PRPs since this antiserum cross-reacts with both major as well as minor 
praline-rich proteins (Kousvelari and Oppenheim, 1979). 
Figure 7 
Indentification of human proline~rich proteins in the naturally, 
formed, acquired enamel pellicle 
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IV. DISCUSSION - 38 -
Disc gel and slab gel acrylamide electrophoresis seem to be ex-
cellent analytical techniques to survey salivary proteins present in 
whole saliva, parotid and submandibular secretions of both human and Ma-
caca fascicularis. In addition, with the availability of characterized 
antisera to human and macaque praline-rich proteins (Kousvelari, 1978), 
we were able to localize these unusual proteins in the naturally formed 
acquired enamel pellicle. 
The study of salivary proteins by means of paper and disc gel elec-
trophoresis has been a major effort in the past by several investigators. 
Mandel and Ellison (1961) using paper electrophoresis were able to 
demonstrate the difference in electrophoretic behavior of whole saliva 
and glandular secretion proteins. Caldwell and Pigman (1965) demonstra-
ted the difference in protein profiles from whole saliva, parotid and sub-
mandibular secretions using disc gel polyacrylamide electrophoresis. The 
two glandular patterns were almost identical, in addition the authors spec-
ulated that oral bacteria might be responsible for the degradation of cer-
tain components in whole saliva. This was further investigated by Hay 
(1969). 
Using the slab gel electrophoresis, Meyer and Lamberts (1965) ob-
tained twenty protein components from human parotid saliva, by staining 
the gel with Wool Fast Blue BL. Choih et al (1979) by means of slab gel 
electrophoresis analyzed the effect of Streptococcus sanguis on the an-
ionic proteins in human parotid gland saliva. They suggested that Strep-
tococcus sanguis may be at least partially responsible for the in-vivo 
modification of the praline-rich proteins from the gland secretion. 
In our study we used the disc gel electrophoresis and slab gel 
acrylamide electrophoresis to investigate the behavior of salivary proteins 
- 39 -
in both human and macaque. Electrophoretograms obtained from human paro-
tid and submandibular saliva proteins were almost identical. These results 
confirm the findings of Hay (1969). The most predominant stained bands 
constitute two regions in the acrylamide gel, region A and region B. These 
proteins in the ~nodic part of the gel are known to correspond with the 
electrophoretic mobilities of PRP I, PRP II and Histidine-rich component 
for region A (Hay, 1975) and PRP III, and PRP IV and Statherin for region 
B (Hay, 1973 b; Schlesinger and Hay, 1977). The cathodic portion of the 
gel contains basic as well as high molecular weight proteins. The best 
known proteins among this group are amylase and lysozyme while the slowest 
moving bands are consistent with the electrophoretic mobilities of immun-
oglobulins. 
Other proteins seem to form less intensively stained bands such as 
band X (Figure I). Proteins in that zone have been labelled Pa1, 
Pa2 and non-Pa by Azen (1978). 
The only difference obtained in the electrophoretograms of parotid 
and submandibular saliva is the presence of a component (y) located ano-
dically to region Bin the submandibular gel pattern. 
The protein profile of whole saliva differs significantly from 
that of parotid and submandibular secretion. The most remarkable differ-
ence is in the anodic portion of the gel. In the whole saliva protein 
pattern, an intensively band appears between region A and Region B which 
is missing or can be seen in traces in parotid and submandibular electro-
phoretograms. This anodically moving component has been isolated and upon 
further investigation Wa$ found to be serum albumin (Oppenheim, 1970; Oppen-
heim and Hay, 1972). The presence of terum albumin in whole saliva may 
be due to gingival fluid flow since intensive toothbrushing has been shown 
- 40 -
to increase albumin levels and gingival fluid being serum-like in compo-
sition contains albumin as principal constituent (Oppenheim and Hay, 1972). 
The electrophoretic dissimilarities of whole saliva and glandular 
secretions extend also to the acidic praline-rich proteins. These pro-
teins are either missing or can be detected in trace amounts in the elec-
trophoretogram of whole saliva. Enzymes derived from oral microorganisms 
have been implicated in these electrophoretic changes (Hay and Gron, 1976; 
Oppenhei~ and Kousvelari, 1978; Choih et al, 1979). The loss of these 
proteins is due to partial proteolysis and the enzymes responsible can be 
found in whole saliva sediment but not in the clear supernatant (Oppen-
heim and Kousvelari, -1978). 
In the primate model system, Macaca ~scicularis, parotid and ex-
tra-parotid saliva electrophoretograms exhibit also certain similarities. 
The major acidic protein present in the disc gel electrophoretogram of 
parotid secretion moves anodically to the same location as PRP III and 
PRP IV of the human praline-rich proteins. This protein has been charac-
terized as the major praline-rich protein (MPRP) in macaque saliva. The 
demarcation of the band representing MPRP is not as distinct as the band-
ing patterns of the human PRPs. This more diffuse band appearance may be 
due to chemical differences between MPRP and PRPs, particularly the high 
content in carbohydrate (30%) of MPRP. The extra-parotid saliva electro-
phoretogram on the other hand, exhibits only quantitative differences 
when compared with the parotid saliva pattern. It is very likely that 
the oral environment of this species is similar to that of man and again 
degradation of the major glandular proteins can occur, resulting in the 
disappearance or dimunition of these proteins upon their release into the 
oral cavity. Although the monkey PRP and human PRPs display many sim-
ilarities in their amino-acid composition, primary structure and to share 
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immunological determinants, the major difference between human PRPs and 
macaque PRP consists in the presence of carbohydrate moieties associated 
with MPRP. 
Electrophoretograms of pure human PRPs and pure monkey PRP 
further confirmed their electrophoretic mobilities. PRP IV is the 
faster moving protein of region B while PRP I is the component with the 
~owest electrophoretic mobility among the four human praline-rich pro-
teins. The pure MPRP however formed the only prominent stained band in 
the anodic portion of the disc gel. The characteristic density and out-
line of the banding pattern may be related to the presence of carbohydrate 
in MPRP as mentioned above. The results obtained in this study correspond 
with those of Oppenheim (1971, 1972) and Bennick (1971). 
The slab gel electrophoretograms of salivary proteins from man and 
Macaca fascicularis confirm the results obtained by disc gel electrophoresis. 
In addition, the higher resolution of the slab gel electrophoresis led to 
a better separation of the individual proteins. This is more pronounced 
in the anodic portion of the glandular gel pattern which exhibit the less 
intensively stained bands representing minor components. The stain inten-
sity of the band representing whole saliva proteins is generally weaker 
but clearly one band reflects the presence of albumin. In parotid and 
submandibular slab electrophoretograms the protein constituting the major 
acidic proteins appeared to be very distinct. Comparing proteins contain-
ed in equal volumes of secretion, submandibular saliva seems to exhibit 
lower protein levels when compared with that of parotid saliva. 
The slab gel banding patterns of the macaque extra-parotid and 
parotid saliva exhibit again great similar1ties. Despite a higher degree 
of resolution, the staining intensity is lower when compared to the disc 
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gel patterns. This is particularly true for the anodic portion of the 
gels, since the band constituting MPRP is less detectable on the slab gel 
electrophoretogram. This staining of the protein bands may reflect bio-
chemical features of these proteins which facilitate their loss by dif-
fusion during the staining and destaining from a 1.5 mm thick gel slab in 
contrast to the 5 mm thick' gel rod. Considering the thickness of the acry-
lamide slab gel and the amount of proteins applied per channel, we may con-
sider that the acrylamide slab gel electrophoresis offers lower resistance 
to diffusion. This may account for the fact that pure MPRP could only be 
detected in trace amount in slab gel electrophoretograms. 
The slab gel patterns of pure human praline-rich proteins confirmed 
the results obtained by disc gel electrophoresis. The higher resolution 
of the slab gel electrophoresis led to a better separation of PRP IV which 
exhibits two minor components which may represent the protein aggregates. 
For the identification of human acidic praline-rich proteins on the 
enamel surfaces of teeth, an indirect immunoperoxidase technique was used. 
Our data indicate that despite the striking reduction of the concentration 
of PRPs in whole saliva, adequate amounts must be present to form the ac-
quired enamel pellicle. The data clearly verify the presence of pellicle 
components which reacted with the antiserum to PRP I (and PRP III). Since 
the N-terminal tryptic peptide of PRP I (or PRP Ill) has been shown to 
contain the hydroxyapatite binding site (Wong et al, 1979), both intact 
molecules of praline-rich proteins or some of their degradation products 
may be present and result in a positive immune reaction. We have no means 
at this stage to know what is the precise chemical nature of the antigenic 
material on the tooth surface. Our results however clearly establish the 
praline-rich proteins as a constituent of the long-term, in-vivo formed, 
acquired enamel pellicle. 
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